Dep. of L i n g u i s t i c s a n d P h o n e t i c s U n i v e r s i t y of L u n d C o m p u t e r s i m u l a t i o n of d i a l o g u e a n d c o m m u n i c a t i o n T h e d i a l o g u e is the p r i m a r y use of l a n g u a g e and the st ud y of c o m m u n i c a t i o n in d i a l o g u e is n e c e s s a r y for our u n d e r s t a n d i n g of n a t u r a l lang ua ge . T h e r e has b e e n an i n c r e a s e d i n t e r e s t in c o m m u n i c a t i o n ,in s p it e of the n e g a t i v e a t t i t u d e s of C h o m s k y {i 975). E v e n s m a l l -s c a l e a t t e m p t s at s i m u l a t i n g d i a l o g u e by c o m p u t e r are r e w a r d i n g and f u r t h e r o u r u n d e r s t a n d i n g of language.
D i a l o g u e as c y c l e s Fig.1 p r e s e n t s a s a m p l e d i a l o g u e a n d so me r u l e s to a n a l y z e it. Th e r u l e s s h o w the m a i n ty pe s of u t t e r a n c e s o c c u r r i n g in d i a l o g u e and t h e i r se qu e n c i n g . T h e r u l e s a l s o s h o w the b a s i c g r a m m a t i c a l st ru c t u r e . G e n e r a t i v e p h r a s e s t r u c t u r e ru l e s i n t r o d u c e d in o r d e r to c h a r a c t e r i z e s e n t e n c e s (cf Ch om sk y, 19 57 , 1 9 6 5 ) ar e u s e d in all the rules.
It m a y be c o n v e n i e n t to st ar t by l o o k i n g at the sa m p l e d i a l o g u e . It c o n s i s t s of u t t e r a n c e s 1-7 by p a r t n e r s 1 a n d II.
S o m e u t t e r a n c e s c l e a r l y b e l o n g t o g e t h e r a n d c o n s i t u t e sect io ns , r o u n d s or cycles. U t t e r a n c e s 1 a n d 2 m a k e u p on e c y c l e c o n s i s t i n g of a s t a t e m e n t a n d a re sp on se . T h e r e s p o n s e is c a l l e d a b a c k c h a n n e l item. U t t e r a n c e s 3-5 m a k e u p a n o t h e r c y c l e i n c l u d i n g t h r e e c o n s t i t u e n t s ; a q u e s t i o n , an a n s w e r a n d a b a c k c h a n n e l it em a n d u t t e r a n c e s 6-7 m a k e up a c y c l e w i t h two u t t e r a n c e s : an i n s t r u c t i o n (order) a n d a r e a c t i o n w h i c h we a l s o c l a s s i f y as a b a c k c h a n n e l item.
We n o te the p u n c t u a t i o n ma rk s: full stop, q u e s t i o n mark, m a r k of e x c l a m a t i o n (which c o u l d p e r h a p s h a v e b e e n u s e d a f t e r the o t h e r b a c k c h a n n e l i t em s as we ll). In speech, the i n t o n a t i o n c o n t o u r s w o u l d v a r y c o r r e s p o n d i n g l y .In speech, t h e r e w o u l d
ha v e b e e n p a u s e s at le as t b e t w e e n u t t e r a n c e s 1-2, 3 -4 , 4 -5 , a n d 6-7, w h e r e th e r e is a sh i f t of sp ea ke r. But w h e n the s p e a k e r is the same, as in 2-3,5-6, the u t t e r a n c e s c o u l d h a v e b e e n d e l i v e r e d w i t h o u t a p a u s e (cf O r e s t r ö m , 1 9 8 3 , S t e n s t r ö m , 1984).
It is a s s u m e d th at a d i a l o g u e c o n s i s t s of a s e r i e s of c y c l e s of this ty p e -at le as t one. T h e t y p e s of c y c l e s are g i v e n in ru le 1, w h e r e c e r t a i n te rm s a r e in tr o d u c e d . Th e t e r m i n o l o g y in the l i t e r a t u r e v a r i e s b e t w e e n d i f f e r e n t a u t h o r s a n d fields. It c o u l d be o r i e n t e d t o w a r d s s p e e c h acts, g a m e theory, l i n g u i s t i c fo rm or f u nc ti on . T h e t e r m s i n t e r c h a n g e , t r a n s a c t i o n an d m o v e h a v e b e e n used. B a c k c h a n n e l item s h a v e b e e n c a l l e d s u p p o r t s w h i c h i n d i c a t e s the d o u b l e n a t u r e of t h e s e u t t e r a n c e s .
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The o n l y ty pe of q u e s t i o n i n c l u d e d in the rule s is the t r u t h qu es t i o n , w h i c h c o u l d be a n s w e r e d by yes or T r a d i t i o n a l g r a m m a r has not a n a l y z e d d i a l o g u e in the w a y we do an d d o es not m a k e a c l e a r d i s t i n c t i o n b e t w e e n yes as an a n s w e r and as a b a c k c h a n n e l it em (see below). On the o t h e r hand, it is an i n t e r e s t i n g fact, th at m a n y l a n g u a g e s use the sa me w o r d as a p o s i t i v e a n s w e r an d as a s u p p o r t i v e b a c k c h a n n e l item.
T h e s u b s e q u e n t ru le s in fig. ar e the f a m i l i a r rule s i n d i c a t i n g the b a s i c s t r u c t u r e of s t a t e m e n t s (S), q u e s t i o n s (Q) a n d i n s t r u c t i o n s (I). The i n t e r n a l s t r u c t u r e of the c o n s t i t u e n t s is not d i s c u s s e d in this s u p e r f i c i a l acco un t. The b a c k c h a n n e l items (B) are an a l m o s t c l o s e d set of words, i n c l u d i n g e.g. ^ (almost a l a n g u a g e u n i v e r s a l soon), q u i t e , a b s o l u t e l y , c e r t a i n l y , r e a l l y , y e s , no and v a r i o u s r u d i m e n t a r y u t t e r a n c e s r e n d e r e d by n^, m h m in w r it in g.
T h e y si g n a l cont ac t, s u p p o r t but at the s a me ti me r e a c t i o n a n d a t t i t u d e s e .g .:a g r e e m e n t , di s l i k e , s u rp ri se N o n -v e r b a l s i g n a l s g e n e r a l l y a c c o m p a n y d i a l o g u e and p l a y a v e r y i m p o r t a n t role. O f t e n b a c k c h a n n e l i n g is h a n d l e d on the n o n -v e r b a l ch an ne l, e.g. by n o dd in g, ey e m o v e m e n t s , s h a k i n g the h e a d w h i l e the s p e a k e r is sp ea ki ng . T h i s is In p r a c t i c a l a n a l y s i s of d i a l o g u e s the m o d e l p r e s e n t e d m a y se em too s i m p l i s t i c and m a n y p r o b l e m s of i d e n t i f i c a t i o n a n d c a t e g o r i s a t i o n o c c u r , but for o u r p r e s e n t p u r p o s e it is su ff i c i e n t .
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C(YCLE)
S ( TA TE ME NT )
2.
S -) NP + V P (NP) (PREP PH RA SE ). 
Q -> V P + NP (NP) (PREP P H R A S E ) ?
4 . I -> V i m p (NP) ! I D O N ' T NO. 5. A -> ' Y E S / N O
B -^ I SEE, OK, QUITE. A S T A T E M E N T M A Y C O N S I S T OF A N O U N P H R A S E A N D A V E R B P H R A S E W I T H A D D I T I O N A L UNITS A Q U E S T I O N HAS I N V E R T E D ORDER B E T W E E N V E R B A N D S U B J E C T AN I N S T R U C T I O N (C OMMAND ETC) HAS AN I M P E R A T I V E F O R M A T R U T H Q U E S T I O N IS A N S W E R E D BY Y E S O R NO, IF T H E A N S W E R IS
K N O W N B A C K C H A N N E L IT EM S A R E A F E W S T A N D A R D P H R A S E S S A M P L E D I A L O G U E 1.1: A SH IP IS A P P R O A C H I N G T H E S U B M
II: SE N D A H E L I C O P T E R !(I )
I, II are the p a r t n e r s of the di a l o g u e . T h e l e t t e r s S, B, A etc ar e d e f i n e d by the ru l e s above. D i f f e r e n t c y c l e s a r e shown.
Fi g. 1.
Pr a s e s t r u c t u r e ru l e s i n d i c a t i n g the g r a m m a t i c a l s t r u c t u r e of u t t e r a n c e s in d i a l o g e and h o w the m a i n ty pe s of u t t e r a n c e s o c c u r in c y c l e s in di al og ue . The s a m p l e d i a l o g u e b e l o w i l l u s t r a t e s the rules.
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A m o d e l of a t u r n -t a k e r A p e r s o n w h o is to p a r t i c i p a t e in a d i a l o g u e m u s t k n o w the la ng ua ge , b u t t h at is n o t en ou gh . He m u s t a l s o m a s t e r the t u r n -t a k i n g rules; he m u s t r e a c t p r o p e r l y a n d be w i l l i n g to take i n i t i a t i v e s . The ru l e s of t u r n -t a k i n g are o u t l i n e d A p e r s o n w h o p a r t i c i p a t e s in a d i a l o g u e m u s t l i s t e n to ■(and look at) h i s p a r t n e r all the t i me in o r d e r to fi nd ou t w h e t h e r he is b e i n g a d d r e s s e d or not. It is no t e v e n p o s s i b l e to st op l i s t e n i n g w h e n o n e is t a lk in g, as the p a r t n e r m i g h t w a n t to in te rr up t. Th e p a r t n e r m a y a l s o gi ve b a c k c h a n n e l s i g n a l s w h i l e one is spea ki ng .
A p a r t i c i p a n t in a d i a l o g u e m u s t l i s t e n to c e r t a i n signs w h i c h i n d i c a t e th at he has to do s o me th in g. If his n a me is m e n t i o n e d (which pe op le , a c c o r d i n g to ex pe r i e n c e , n o t i c e e v e n at v e r y n o i s y pa rt i e s ) , he h a s to w a t c h out. It m i g h t be a v o c a t i v e term, w h i c h m e a n s t h at he is b e i n g c a l l e d u p o n to a n s w e r a qu es t i o n , e x e c u t e an i n s t r u c t i o n etc.
T h e m a i n ty p e s of u t t e r a n c e s are c h a r a c t e r i z e d by sp e c i a l i n t o n a t i o n c o n t o u r s a n d s y n t a c t i c m e a n s as wa s n o t e d above: If the p a r t i c i p a n t (2 in the di ag ra m) is b e i n g a s k e d so me t h i n g , it is p r o p e r to a n s w e r the qu e s t i o n . S t u d i e s of d i a l o g u e i n d i c a t e th at q u e s t i o n s are r a r e l y le f t u n a n s w e r e d . It is c o n s i d e r e d i m p o l i t e no t to a n s w e r a q u e s t i o n and it c a n be c o n s i d e r e d to be b r e a k i n g the c o n t r a c t of c o o p e r a t i o n w h i c h is s i g n e d w h e n two p e r s o n s c a r r y on a d i a l o g u e . In o r d e r to an sw er , the m e m o r y -w h i c h m a y be t h o u g h t of as a d a t a b a s e -m u s t be se ar ch ed . G e n e r a l l y , this t a k e s ti me a n d t h e r e is n a t u r a l l y a d e l a y b e f o r e the a n s w e r is gi ve n. If an a n s w e r is g i v e n i m m e d i a t e l y , it s o u n d s s t r a n g eas if the a n s w e r is c o m p l e t e l y s e l f -e v i d e n t or the q u e s t i o n is n o t t a k e n s e ri ou sl y. T r u t h q u e s t i o n s r e q u i r e s e a r c h i n g for the f a c t q u e s t i o n e d , e g "Is the ship a d e s t r o y e r ? " W H -q u e s t i o n s r e q u i r e s e a r c h i n g for the p a r t s of the fa ct g i v e n and f i l l i n g in the l a c k i n g pi ec e, if it c a n be found, e g "Who is in c h a r g e of the h e l i c o p t e r o p e r a t i o n s ? " -177-

If o n e is n o t b e i n g a s K e a a q u e s t i o n o n e m i g h t h a v e b e en i n s t r u c t e d o r o r d e r e d to do s o me th in g. T h i s c a s e is sh o w n n e x t in
the d i a g r a m a n d it a l s o r e q u i r e s a re ac ti on . N o r m a l l y one has to sa y w h e t h e r one is g o i n g to c a r r y ou t the r e q u e s t or not.
(The i m p o r t a n t t h i n g is, of course^ to c a r r y o u t the in st ru ct io n. )
T h e n e x t s i t u a t i o n d e p i c t e d in the d i a g r a m o c c u r s w h e n a s t a t e m e n t h a s b e e n u t te re d. If one is do ub tf ul , o n e mi gh t, as i n d i c a t e d in th e d i ag ra m, u t t e r a b a c k qu es t i o n , e g "R eally?"
T h i s is a t r u t h q u e s t i o n a n d h a s to be a n s w e r e d by th e p a r t n e r by y e s or r^? S h o u l d the d i a l o g u e p a r t i c i p a n t n o t be do ub tf ul , h o w e v e r , he m a y a c k n o w l e d g e the s t a t e m e n t by s a y i n g "OK, I see.
F i n e " etc, or so me o t h e r b a c k c h a n n e l i t e m a f t e r h a v i n g r e g i s t e r e d . the f a c t in m e m o r y -a d d i n g it to h i s d a t a base. T h e r i g h t h a n d p a r t of the d i a g r a m shows t y p i c a l r e s p o n s e s to the i n i t i a t i v e s of the p a rt ne r.
It is, ho w e v e r , a l s o i m p o r t a n t to ta ke i n i t i a t i v e s . The p r o p e r m o m e n t to ta ke an i n i t i a t i v e is w h e n the w o r d is free, a f t e r a c y c l e h a s b e en c o m p l e t e d . O n e mi gh t, of co ur se , a l s o b r e a k in be fo re , b u t t h at c a s e is not i l l u s t r a t e d by the di ag ra m.
T w o of the t y p e s of i n i t i a t i v e s e n c o d e d by s p e c i a l s y n t a c t i c
m e a n s b y n a t u r a l l a n g u a g e s h a v e to do w i t h i n f o r m a t i o n . Th e s t a t e m e n t is u s e d to i n f o r m the p a rt ne r: the q u e s t i o n is u s e d w h e n th e 'speaker w a n t s to be i n fo rm ed . T h i n k i n g a b o u t h u m a n k n o w l e d g e in te r m s of d a t a ba se s, we m i g h t say t h a t the s p e a k e r m a k e s a s t a t e m e n t w h e n he w a n t s to a d d s o m e t h i n g to the l i s t e n e r s d a t a base. W h y the s p e a k e r w a n t s to a d d th is fa ct to the m e m o r y of the l i s t e n e r is a s e p a r a t e q u e s t i o n , b u t a m o d e l of a c o m m u n i c a t o r m u s t h a v e an i n t e n t i o n to c o m m u n i c a t e .
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Proceedings of NODALIDA 1985 M o d e l i n g t r a n s f e r of i n f o r m a t i o n As h i n t e d at a b o v e h u m a n d i a l o g u e c a n p a r t l y be s e e n as a s u c c e s s i v e m u t u a l u p d a t i n g of the d a t a b a s e s of the pa rt ne rs .
But this is d o n e in a v e r y s u b t l e way, w h e r e the s p e a k e r s i d e a l l y i n d i c a t e t h e i r ' k n o w l e d g e s " , a s s u m p t i o n s and a t t i t u d e s . F i g . 3 sh ow s a n u m b e r of d i f f e r e n t c o m m u n i c a t i v e s i t u a t i o n s a n d r e l a t e d u t t e r a n c e s . E a c h p a r t n e r is a s s u m e d to ha v e a p i c t u r e of the "r ea l" w o r l d as he sees or i m a g i n e s it. i n g c h a n g e d as he u n d e r s t a n d s I's u t t e r a n c e s . It is i m p o r t a n t to no t e that the "r ea l" w o r l d s His v e r b a l w o r l d m a y be r e p r e s e n t e d by the l o gi ca l f o r m u l e A P P R ( S , U ) , w h e r e A P P R is sh or t for "is a p p r o a c h i n g " , S is the s h i p a n d U the su b m a r i n e . It is c l e a r that he a s s u m e s that his p a r t n e r II k n o w s a b o u t the e x i s t e n c e of the su bm a r i n e . T h is is i n d i c a t e d by the s q u a r e b r a c k e t s a r o u n d E X T ( U ) , a n d the o c c u r e n c e of the sa me item in II's w o r l d i n d i c a t e s th at I's a s s u m p t i o n is corr ec t. The n e w i n f o r m a t i o n is thus o n l y EXT(S) a n d A P P R ( S , U ) a n d o n e m a y say th at o n l y 3 ) .
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If the a n s w e r is OK or "I see" it sh o w s that II has ju st s t o r e d the n e w p i e c e of i n f o r m a t i o n in his memory.
But h u m a n p a r t n e r s o f t e n g i v e o t h e r b a c k c h a n n e l items, e . g . ' T i n e V w h i c h m e a n s th at the i n f o r m a t i o n is f a v o u r a b l e in so me way. O n e m a y th in k of a s i t u a t i o n h e r e w h e r e the s h ip by a p p r o a c h i n g co m e s w i t h i n r e a c h of the t o r p e d o s of the s u b ma ri ne . U s i n g su ch e m o t i o n a l b a c k c h a n n e l items r e q u i r e s i n f o r m a t i o n of the i n t e n t i o n s a n d p l a n s of II. Th is is a l s o the c a s e if d i s p r o v i n g items su ch as " B la st " are to be used.
O n e m a y i m a g i n e a s i t u a t i o n w h e r e the a p p r o a c h i n g of the s h i p i n t e r f e r e s w i t h the p l a n s of the s u bm ar in e, w h i c h is n o w t h r e a t e n e d . is p e r f e c t in w h i c h ca se b a c k c h a n n e l it em s s u ch as " Q u i t e ,P r e c i s e l y "
S w e d i s h " P r e c i s , J u s t de t " a r e used. T h e s e a r e in fact v e r y f r e q u e n t words. T h e s p e a k e r illi m a y c o m m e n t by s a y i n g "Yes, to say the least", w h i c h i n d i c a t e s th at he d o e s not th in k the w o r d i n g fits the s i tu at io n, in this c a s e m a y b e b e c a u s e the s h i p is r u s h i n g t o w a r d s the s u b m a r i n e at g r e a t speed, in w h i c h c a s e a p p r o a c h i n g s e em s to w e a k (a lm os t e u p h e m i s t i c ).In o t h e r c a s e s the p a r t n e r m a y a g r e e on the s i t u a t i o n but th i n k that the w o r d i n g is to strong. T y p e s of m e t a c o m m e n t s a r e g i v e n in S i g u r d (1 986).
If the p a r t n e r k n o w s th at the s i t u a t i o n is d i f f e r e n t he m a y g i v e the b a c k c h a n n e l " N o " o r he me s a y " R e a l l y ? " T h is s i t u a t i o n is d e p i c t e d by the last p i c t u r e s w h e r e th e v e r b a l w o r l d i n c l u d e s c o n t r a d i c t o r y i n f o r m a t i o n ; T h e s h i p is g o i n g a w a y fr om the s u b m a r i n e : DI S T ( S , U ) .
H o w e v e r the d i f f e r e n t w o r l d s a r e d e p i c t e d or r e p r e s e n t e d , it is c l e a r th at d i a l o g u e u t t e r a n c e s are not ju st a u t o m a t i c r e a d i n g s of fa ct s in d a t a b a s e s , as s o me d e s i g n e r s ofc-eJCpert s y s t e m s s e e m to b e li ev e. S i m u l a t i n g the r i c h n e s s Of-human d i a l d g u e is a g r e a t c h a l l e n g e .
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